Abstract. Social networks are an important infrastructure for information, the paper present a information diffusion model with random perturbation in social networks, which is based on SIR deterministic epidemic diseases. We prove that there exists a unique nonnegative solution to the stochastic information diffusion model for any positive initial value, investigate the stochastic asymptotic behavior of the information diffusion model, give the stability condition by the construction of the Lyapunov function, i.e. the conditions of the information diffusion will die out and be persistent in social networks.
Introduction
Social media such as blogs, discussion forums, and social networking sites provide new channels for individuals to share information and express their opinions. Research on social networks has received remarkable attention in the past decade, since social networks provide numerous features to encourage information sharing among users.As the social network draws much attention from researchers, the diffusion process on the online social network became an ongoing research topic.
Due to similar patterns in the spread of epidemics and social contagion processes, most research adopts the same theoretical principles for epidemics in describing the information diffusion.Recent many researchers study models of information diffusion based on epidemic diseases. Information dissemination epidemic models have been developed for different network topologies, e.g., social networks [1] and multiple social networks [2] . Goffman and Newill [3] developed the analogy between the adoption of scientific information and the spread of infectious disease.The independent cascade model (ICM) [4] , which is widely adopted in describing the information diffusion on online social networks, is a special case of the SIR model reflecting the network structure of the population. The first study on information diffusion modeling using epidemic models has been made using the study on the spread of scientific ideas. Liu and Zhang [5] proposed a dynamic susceptible infected recovered (SIR) model considering dynamic rewiring network in which people can break links and reconnect to their second-order friends. Wang et al. [6] proposed the emotion-based SIS model for and showed that it outperforms SIS model in describing information diffusion with Twitter data.The real world networks is full of randomness and stochasticity, using stochastic models can gain more real benefits. Since the parameters in the deterministic models are constant, they have some limitations when we describe the systems. Consequently, Some researchers have paid their attention to the stochastic Information Diffusion model [7, 9] .
In this paper, we are present a stochastic model of information diffusion, which is based on SIR deterministic epidemic diseases. In fact, this model actually is a result of developing SIR deterministic model and including compartmental assumption. Our approach to include stochastic perturbation is analogous to that of Imhof andWalcher [7] .We consider the equations of information diffusion be deduced: (2), and it is globally stable, then the disease will die out. If 0 1 R > , then 0 E is unstable and there is an endemic equilibrium * E of (1), which is globally asymptotically stable under the sufficient condition, then the disease will be persistent. Based on the above motivation, our research on information diffusion on social networks have focused on information existence, the information will die out or be persistent on social networks. Thus, in this paper we propose a new extension of the SIR model for information diffusion on social networks, the present paper studies the global dynamics of the stochastic information diffusion model (1) . Regarding the dynamics of information diffusion, the earliest and most frequently encountered approaches were inspired by epidemiological models [9, 10] .
The remainder of this paper is organized as follows. In Section 2, we show here is a unique positive solution of system (1) by the way entioned in [5, 8] . In Section 3, when 0 1 R ≤ , we derive that the solution of the system(6) oscillates around the disease free equilibrium 0 E of system (2). In Section 4, when 0 1 R > , although the solution of system (1) does not converge to the endemic proportion equilibrium * E of system (2), we conclude there is a unique stationary distribution for system (1), and it has ergodic property under some conditions. Next, we give some basic theory in stochastic differential equations. Throughout this paper, unless otherwise specified, let 0 ( ,{F } , P) t t≥ Ω be a complete probability space with a filtration 0 {F } t t≥ satisfying the usual conditions (i.e. it is right continuous and 0 F contains all P -null sets). Let
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B t denotes n -dimensional standard Brownian motion defined on the above probability space. Define the differential operator L associated with (2) (2), called the trivial solution or equilibrium position.
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Existence and Uniqueness of Positive Solution
In this section we first show that the solution of system (1) is global and positive. To get a unique global (i.e. no explosion in a finite time) solution for any given initial value, in this section, using the Lyapunov analysis method, we show the solution of system (1) , where e τ is the explosion time (see [11] ). To show this solution is global, we need to show that . . 
Asymptotic Behavior Around 0

E
It is clear that 0
E is the disease-free equilibrium of system (1). If 0 1 R ≤ , then 0 E is globally stable, which means the information will die out after some period of time. Hence, it is interesting to study the disease-free equilibrium for controlling information diffusion. where   2  2  2  2   2  2  2  2  2  1  2  1  2  2  0   2  2 
Substituting this into(7), we get Integrating this from 0 to t and taking the expectation, we have
From the conduction of theorem, we have
In this section, we show the average oscillation around * E in time to exhibit whether the information will be persistent. Integrating the (8) from 0 to t and taking the expectation, we can obtain 
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